SPECIFICATION 



TITLE OF THE INVENTION 

Interferometer 

TECHNICAL FIELD 

The present invention relates to a phase-splitting 
type electron interferometer having an electron biprism and 
a phase-splitting type optical interferometer having an 
optical biprism. 

BACKGROUND OF THE INVENTION 

Optical interferometers are largely classified into 
those based on an amplitude-splitting method and those 
based on a phase-splitting method. Excluding specific 
cases, an optical interferometer (such as that based on a 
laser) generally employs an amplitude-splitting method. 
This is because a phase distortion caused by an optical 
system can be compensated and thereby it becomes relatively 
easy to accurately detect a minute phase distribution which 
is an object to be observed. On the other hand, an 
electron interferometer generally employs the phase- 
splitting method except in the cases described in Non- 
patent document 1 (Q. Ru et al. : Ultramicroscopy 53, 
1(1994)). This is because there is no effective amplitude- 



splitting type beam splitter for an electron beam. 

As an electron interferometer, only a phase- 
splitting type interferometer having one electron biprism 
has been used. However, this type of interferometer cannot 
control each of a fringe spacing s and an interference 
width W independently because of its operational principles 
For instance, when a specimen is large and a wide 
interference width is necessary, it is necessary to analyze 
an interference image (hologram) formed with small fringe 
spacing and many interference fringes, in other words, an 
image recorded with a high carrier-spatial frequency. On 
the contrary, even if a specimen is small and an 
interference image obtained in a narrow area with a high 
carrier-spatial frequency is required for analysis, when a 
necessary high carrier-spatial frequency is produced, the 
interference width becomes larger with the spatial 
coherence deteriorated. As a result, a (low-quality) 
interference image having the low-contrast interference 
fringes needs to be analyzed. 

To solve the problems as described above, some 
electron optical systems have been developed or re- 
configured based on various researches and experiments. 
Due to some characteristics (for example, an optical system 
with only several convex lenses, and an optical system 
without a half mirror) of electron optical systems, however, 



there are limitations such as a limitation where the 
magnification finally obtained is low. 

In addition, when a hologram is reconstructed and a 
phase image is extracted, the Fresnel diffraction waves 
caused by a breakage at the wavefront generate fringes with 
strong contrast (Fresnel fringes), which generates artifact 
in the result of the measurement and impedes high precision 
phase measurement. When an object to be observed is a weak 
phase object, some methods have been proposed such as a 
method in which the effects of phase distribution due to 
Fresnel fringes are corrected later (Refer to, for instance 
Non-patent document 2: K. Harada et al.: J. Electron 
Microsc. 52, 369 (2003)), a method in which the effects are 
eliminated in the Fourier space upon regeneration, a method 
in which the effects are subtracted as strength from two 
holograms (Refer to, for instance. Non-patent document 3: K 
harada and R. Shimize: J Electron Microsc. 40, 92, (1991)), 
and a method in which phase components of Fresnel fringes 
are extracted and subtracted, (Patent document 1: 
International publication No. 01/075394, pamphlet) . In all 
of these methods, however, the effects of Fresnel fringes 
are removed after data is recorded. These methods are not 
sufficient. As a result, a practical method is to neglect 
the end of interference range where Fresnel fringes have 
strong contrast, even if an interference range is 



sacrificed. On the other hand, ideas of suppressing 
formation of Fresnel fringes are proposed, for instance, in 
Patent document 1 (International publication No . 01/075394 , 
pamphlet) . According to the document, to eliminate Fresnel 
fringes generation from a wavef ront-splitting boundary, a 
beam stopper plate is placed on a plane equivalent to the 
observation plane so that the wavef ront-splitting boundary 
of a wavef ront-splitting device is placed in the shadow of 
the observation plane. Thereby, it is possible to have a 
case where Fresnel diffraction does not occur. This method, 
however, would not provide any improvement of the primary 
problem that each of fringe spacing s and interference 
width W cannot be controlled independently. 

Patent Document 1: International publication 
01/075394 

Non-patent Document 1: Q. Ru et al.: Ultramicroscopy 
53, 1 (1994) 

Non-patent Document 2: K. Harada et al.: J. Electron 
Microsc. 52, 369 (2003) 

Non-patent Document 3: K. Harada and R. Shimizu: J. 
Electron Microsc. 40, 92 (1991) 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
electron interferometer or a phase-splitting type optical 
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interferometer having a general optical biprism, each 
capable of controlling fringe spacing s and interference 
width W independently. 

To solve the problems described above, the present 
invention provides an apparatus having two (an upper and a 
lower) biprisms placed sequentially along an optical axis, 
or in the direction in which light or an electron beam 
travels. The upper (in the upstream side in the direction 
of an electron beam or traveling light) biprism, including 
a beam stopper section to shield the electron beam or light, 
is placed on an image plane of a specimen to be observed. 
A phase-splitting boundary of the lower biprism is placed 
in a shadow produced by the beam stopper section. By 
selecting a deflection angle of each biprism, it is 
possible to freely change an overlapping area and an 
overlap angle of two electrons or two lights. By adapting 
the position of the beam stopper section of the upper 
biprism to the image plane, it becomes possible to 
eliminate Fresnel fringe generation which has been a 
problem in the conventional technology and to control the 
fringe spacing s and an overlapping area (interference 
width W) having the fringes with the fringe spacing s 
independently . 

To describe the electron interferometer in further 
details, an electrode of the upper electron biprism is 



placed on an image plane of a specimen to be observed, and 
an electrode of the lower electron biprism is placed in the 
shadow produced by the electrode of the upper electron 
biprism. By changing potentials applied to each electrode, 
the overlapping area and the overlap angle can be freely 
changed. 

Effects of the Invention 

According to the present invention, each of two 
parameters of a fringe spacing s and an interference width 
W in interf erometry using a biprism can be controlled 
independently. With this feature, it is possible to 
independently treat spatial coherence and a carrier-spatial 
frequency, each directly relating to the performance of an 
interferometer. As a result, the range of an object to be 
observed with holography can be increased. Especially, in 
an electron interferometer, the two parameters of a fringe 
spacing s and an interference width W can freely and 
independently be controlled only by controlling voltages to 
each of upper and lower electron biprisms. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. lA is a diagram illustrating an optical 
interferometer system using a conventional type of electron 
biprisms; 



FIG. IB illustrates a state where Fresnel fringes 
generated by an electrode of the electron biprism are 
superposed on interference fringes actually obtained; 

FIG. IC illustrates a state in which artifact phase 
distribution are present in a reconstructed phase image; 

FIG. 2 is a diagram illustrating an optical system 
in an electron interferometer according to the present 
invention; 

FIG. 3 is a diagram illustrating an optical system 
in the state where deflection is performed also by an upper 
stage biprism by applying a voltage also to an upper 
biprism electrode 9u of the upper stage biprism in the 
electron interferometer shown in FIG. 2; 

FIG. 4 is a diagram illustrating an optical system 
for widening fringe spacing; 

FIG. 5 is a diagram illustrating the same optical 
system as that shown in FIG. 4, in which conditions are set 
so that an electron beam is largely deflected by the upper 
stage biprism away from the optical axis and a wavefront 
desired to be focused passes under an electrode of the 
lower stage electron biprism; 

FIG. 6A illustrates formation of interference 
fringes with a conventional type of interferometer; 

FIG. 6B illustrates formation of interference 
fringes eliminating generation of Fresnel fringes in the 
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present invention; 

FIG- 6C illustrates formation of interference 
fringes by changing fringe spacing s without changing the 
interference width W in the present invention; 

FIG. 7A illustrates a hologram obtained by 
controlling voltages applied to the electrodes 9u and 9b of 
the upper stage biprism and the lower stage biprism to 
adjust deflection angles au and at; 

FIG. 7B illustrates a hologram obtained at a voltage 
value different from that shown in FIG. 7A; 

FIG- 7C illustrates an image reconstructed from the 
hologram shown in FIG. 7B; 

FIG. 7D illustrates a hologram at a voltage value 
different from that shown in FIG. 7A, in which a phase 
change is apparently reversed; 

FIG. 7E illustrates a hologram obtained at a voltage 
value different from that shown in FIG. 7D; 

FIG. 7F illustrates an image reconstructed from the 
hologram shown in FIG. 7E; 

FIG. 8 is a diagram illustrating an optical system 
for an electron interferometer in which an intermediate 
biprism 9i is provided in addition to the upper stage 
biprism 9u shown in FIG. 3; 

FIG. 9 is a diagram illustrating an optical system 
for an optical interferometer for a laser or the like in 
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which an optical biprism is arranged at the position of the 
electron biprism shown in FIG. 3; 

FIG. lOA is a diagram illustrating an optical system 
for a holography microscope having an electrode 9u of the 
upper stage biprism, an electrode 9i of the intermediate 
biprism, an electrode 9b of the lower stage biprism, and an 
electrode 9i of a third intermediate biprism provided above 
a first intermediate lens; 

FIG. lOB is a diagram illustrating an optical system 
for a holography microscope having the electrode 9u of the 
upper stage biprism, the electrode 9i of the intermediate 
biprism, the electrode 9b of the lower stage biprism, and 
the electrode 9i of a third intermediate biprism provided 
brlow the first intermediate lens; 

FIG. IOC is a diagram illustrating an optical system 
for a holography microscope having the electrode 9u of the 
upper stage biprism, the electrode 9i of the intermediate 
biprism, the electrode 9b of the lower stage biprism, and 
the electrode 9i of a third intermediate biprism provided 
on a second image plane below the first intermediate lens; 

FIG. lOD is a diagram illustrating an optical system 
for a holography microscope having the electrode 9u of the 
upper stage biprism, the electrode 9i of the intermediate 
biprism, the electrode 9b of the lower stage biprism, and 
the electrode 9i of a third intermediate biprism provided 



on a second image plane of a electron source below the 
first intermediate lens; and 

FIG. 11 is a diagram illustrating an example of an 
optical system for a holography microscope in which the 
third intermediate biprism is used as an auxiliary unit for 
the upper stage biprism and furthermore a fourth biprism is 
used as an auxiliary unit for the lower stage biprism. 

Description of Symbols 

1: Electron source 

2: Optical axis 

3: Specimen 

5: Objective lens 

7: Image plane of electron source 

9: Electrode of electron biprism 

9u: Electrode of upper stage electron biprism 

9b: Electrode of lower stage electron biprism 

11: Observation plane 

12: Image of specimen 

13: Image recording medium such as film or camera 
21: Object wave 
23: Reference wave 

25, 21: Virtual electron source position on second electron 
source plane 35 (Virtual image of electron source) 

26, 28: Real electron source image on second electron 



source plane 35 

30: Shadow of the electrode 9 of electron biprism 
31: First image plane 

32: Specimen image on first image plane 31 
33: Magnifying lens 

35: Second image plane of electron source 
29: Fresnel diffraction wave 

a: Distance between objective lens 5 and specimen 3 
a©: Distance between objective lens 5 and electron source 1 
ai: Distance between objective lens 5 and electron source 1 
a2: Distance between first image plane 7 and magnifying 
lens 33 

ab: Distance between first image plane 31 and magnifying 
lens 33 

au: Distance between objective lens 5 and specimen 3 

bi: Distance between objective lens 5 and first electron 

source image plane 7 

hz: Distance between magnifying lens 33 and second electron 
source image plane 35 

bb: Distance between magnifying lens 33 and observation 
plane 11 

bu: Distance between first image plane 31 and object lens 5 
f: Focal length of objective lens 5 
f 1 : Focal length of objective lens 5 
±21 Focal length of magnifying lens 33 
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k: Wavelength of electron beam from electron source 1 

y: Angle between two virtual electron sources on specimen 

plane 

a: Deflection angle of electron beam by electrode 9 of 
electron biprism 

au: Deflection angle of electron beam by electrode 9 of 
upper stage electron biprism 

ttbi Deflection angle of electron beam by electrode 9b of 
lower stage electron biprism 

Lb: Distance between electrode 9b of lower stage electron 
biprism 

Mb: Magnification of magnifying lens 33 
Mu: Magnification of objective lens 5 

Du: Distance between first image plane of electron source 7 
and observation plane 31 

Db: Distance between second image plane of electron source 
35 and observation plane 11 

d: Diameter of electrode 9 of electron biprism 

du: Diameter of electrode 9u of upper stage electron biprism 

db: Diameter of electrode 9b of lower stage electron biprism 

51, 53: Optical biprism 

52 : Beam stopper 

61: Real electron source 

63: First condenser lens 

65: Second condenser lens 



67 : First intermediate lens 

68: Second image plane 

69: Second intermediate lens 

71: Third intermediate lens 

73: Projection lens 

81: Specimen on third image plane 

83: Third image plane of electron source 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention is applicable to an electron 
interferometer and a phase-split type optical 
interferometer having a general optical biprism. In an 
embodiment of the present invention described below, 
however, an electron interferometer is mainly described, 
and a phase-splitting type optical interferometer having a 
general optical biprism is described in general in the 
final section of this specification. 

FIG. lA is a view illustrating an interference 
system using an electron beam biprism based on the 
conventional technology. An electron biprism is a device 
which is used most popularly as an optical system for 
electron holography. Reference wave 23 are overlaid on 
object wave 21 in the optical system. As a result, an 
interf erogram in which interference fringes are superposed 
on an enlarged image of a specimen is obtained. As well 
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known, the electron biprism has a filament electrode 
provided at a central portion thereof and double-plates 
electrodes holding the filament electrode inbetween. The 
double-pltes are grounded and deflect an electron beam 
passing through the electron biprism by controlling a 
potential in the electrode provided at the central portion. 
In this specification, an electrode of an electron biprism 
means a filament electrode provided at the central portion, 
and grounded double-plates electrodes are not described. 

In FIG. lA, reference numeral 1 denotes an electron 
source. Reference numeral 2 denotes an optical axis. 
Reference numeral 3 denotes a specimen. Reference numeral 
5 denotes an object lens. Reference numeral 7 denotes an 
image plane of electron source. Reference numeral 9 
denotes an electron biprism electrode. Reference numeral 
11 denotes an observation plane. Reference numeral 12 
denotes an image of a specimen. Reference numeral 13 
denotes a recording media such as a film or a camera- The 
electron source 1 is shov/n as a single block in the figure . 
However, the electron source 1 includes a electron source, 
an acceleration tube, and a condenser lens system. An 
electron beam generated in the electron source 1 is divided 
into an object wave 21 passing through the specimen 3 
placed in one side of the optical axis 2 and a reference 
wave 23 passing through the side where the specimen 3 is 
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not present. The objective wave 21 and the reference wave 
23 are refracted by the object lens 5, cross each other on 
the image plane of the electron source 1, and travel toward 
the observation plane 11. Furthermore, the object wave 21 
and the reference wave 23 are deflected by the electrode of 
the electron biprism 9 provided between the image plane of 
electron source 7 and the observation plane 11, and are 
superposed on the observation plane 11. As a result, an 
interf erogram in which the interference fringes are 
superposed on a magnified image of the specimen on the 
observation plane 11. The interf erogram obtained on the 
observation plane 11 is supplied by a recording media 13 to 
a user. FIG. lA schematically shows the fringe spacing s 
and the interference width W appearing on the observation 
plane 11. Reference numerals 25 and 27 are virtual 
electron source positions for the object wave 21 and the 
reference wave 23 deflected by the electron biprism 
electrode 9. Reference numeral 30 denotes a shadow 
generated by the electron biprism electrode 9, and only a 
shadow generated in the left side from the optical axis 2 
is shown for simplicity in the figure. The specimen is 
placed by a specimen holder on the upstream side of the 
objective lens 5. The specimen holder, however, is not 
shown in the figure. 

The fringe spacing s and the interference width W 



are expressed by equations (1) and (2) below respectively: 
y 2aib-bo-L) 2ol{D-L)" 
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wherein A, denotes a wavelength of an electron beam from the 
electron source 1, y denotes an angle formed by electron 
beams from the virtual electron sources 25 and 27 
positioned in both sides of the optical axis 2, a denotes a 
deflection angle (rad) of an electron beam by the electron 
biprism, d denotes a diameter of the electron biprism 
electrode 9, L denotes a distance between the electron 
biprism electrode 9 and the observation plane 11, b denotes 
a distance between the objective lens 5 and the observation 
plane 11, bo denotes a distance between the object lens 5 
and the image plane of the electron source 7, and D denotes 
a distance between the observation surface 11 and the image 
plane of the electron source 7 . 

The deflection angle a (rad) of an electron beam is 
expressed by the equation of a = k • Vf wherein Vf indicates 
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a voltage (V) applied to the electron biprism electrode 9. 
k denotes a deflection constant k. 

Practically^ a hologram which a user requires must 
be recorded for a specimen, and therefore the equations (1) , 
(2) above are applied to a specimen plane, and the fringe 
spacing Sobj and the interference width Wobj are obtained 
through the following equations (3), (4) respectively: 



Wobj = 
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wherein a denotes a distance between the objective lens 5 
and the specimen 3. Although not shown in each of the 
equations above, ao denotes a distance between the 
objective lens 5 and the electron source 1, and f denotes a 
focal length of the objective lens 5. In deriving the 
equations above, a formula (5) for a lens is applied to the 
electron source and the specimen. 
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As well understood from comparison of equation (1) 
to equation (2) or of equation (3) to equation (4), both of 
the fringe spacing s and the interference width W are 
affected by the deflection angle a of an electron beam, and 
therefore each of the factors cannot be controlled 
independently. 

Furthermore, the Fresnel fringe from the electron 
biprism electrode 9 is superposed on the interference 
fringe actually obtained as shown in FIG. IB. A phase 
distribution of artifacts is generated in the reconstructed 
phase image as shown in FIG. IC. To describe the 
phenomenon with reference to FIG. lA, an interference 
fringe is generated by interference between the object wave 
21 and the reference wave 23, each defected by the electron 
biprism electrode 9 on the observation plane 11. However, 
since the electron biprism electrode 9 is present, the 
Fresnel diffraction wave 29 is generated at an edge face of 
the electron biprism electrode 9, and the Fresnel fringes 
are generated on the observation plane 11. 

Non-patent documents 2, 3 described in relation to 
the background technology propose measures for eliminating 
influences of a phase distribution caused by the Fresnel 
fringes by detecting and recording the phase distribution 
caused by Fresnel fringes by any means and reducing the 
influences from the obtained reconstructed image based on 
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the data. However, the Fresnel fringes change depending on 
a voltage applied to the electron biprism electrode 9 (a 
deflection angle of an electron beam from the electron beam 
biprism electrode 9) . Thus, countermeasures are required 
for various experimental conditions, i.e., required each 
time the applied voltage is changed, and are not practical. 
Furthermore, in a specimen in the case where a phase 
largely changes, since the recorded Fresnel fringes are 
subjected to phase modulation, the influence due to the 
phase distribution caused by the Fresnel fringes cannot 
easily be removed by the simple subtraction method (on the 
contrary, new artifacts may be generated in the method) . 
In other words, complete elimination of Fresnel fringe 
generation is principally most effective. 
Basic Configuration of the Present Invention 

FIG. 2 is a view illustrating an embodiment of an 
optical system in which the present invention is applied to 
an electron interferometer. In the electron interferometer 
according to the present invention, electron biprisms are 
provided in the upper and lower stages along the optical 
axis. An electrode of the electron biprism in the upper 
stage is provided on an image plane (first image plane) of 
a specimen, and magnification and demagnif ication are 
performed together with the specimen image in the optical 
system in the lower stage. An electrode of the electron 



biprism in the lower stage functions as an ordinary 
interferometer . 

In FIG. 2, reference numeral 1 denotes an electron 
source. Reference numeral 2 denotes an optical axis. 
Reference numeral 3 denotes a specimen. Reference numeral 
5 an objective lens. Reference numeral 7 denotes a first 
image plane of the electron source. Reference numeral 31 
denotes a first image plane. Reference numeral 32 denotes 
a specimen image on the first image plane 31. Reference 
numeral 33 denotes a magnifying lens. Reference numeral 35 
denotes a second electron source image plane. Reference 
numeral 11 denotes an observation plane. Reference numeral 
12 denotes an image of a specimen. Reference numeral 13 
denotes a recording media such as a film or a camera. 
Reference numeral 9u denotes an electrode of an upper stage 
electron biprism provided on the first image plane 31 with 
the diameter of du. Reference numeral 9b denotes an 
electrode of a lower stage electron biprism provided 
between the second electron source image plane 35 and the 
observation plane 11 with a diameter of db. As shown in FIG. 
2f the reference numerals 25 and 27 denote positions of 
virtual images of electron sources for the object wave 21 
and the reference wave 23 deflected by the electron biprism 
electrode 9. The fringe spacing s and the interference 
width W of interference fringes appearing on the 
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observation plane 11 are schematically shown under the 
recording media 13. 

Also, like in the example of the conventional 
technology shown in FIG. lA, an electron beam generated 
from the electron source 1 is divided into the object wave 
21 passing through the specimen 3 placed in one side of the 
optical axis 2 and the reference wave 23 passing through 
the side where the specimen 3 is not present in FIG. 2. A 
pattern display is not appended to the reference wave 23. 
The object wave 21 and the reference wave 23 are refracted 
by the objective lens 5, cross each other on the first 
image plane of the electron source 7, and travel toward the 
magnifying lens 33. The object wave 21 and the reference 
wave 23 form a specimen image 32 on the first image plane 
31, and pass through the electron biprism in the upper 
stage on the first image plane 31. However^ the object 
wave 21 and the reference wave 23 are not deflected as 
shown in FIG. 2, and are refracted by the magnifying lens 
33, and travel toward the observation plane 11. Then the 
object wave 21 and the reference wave 23 passes through the 
electron biprism in the lower stage provided between the 
second image plane of the electron source 35 and the 
observation plane 11, are deflected by the electron biprism, 
and are superposed on each other on the observation plane 
11. The deflection angle in this step is ab. As a result. 
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an interf erogram, in which interference fringes are 
superposed on an enlarged image 12, is obtained on the 
observation plane 11. The interf erogram obtained on the 
observation plane 11 is provided by the recording media 13 
to a user. 

For sizes of electrodes of the electron biprisms 
provided in the upper and lower stages, a magnification and 
a position of an electrode 9b of the lower stage electron 
biprism should be selected so that the electrode 9b is in 
the shadow of an electrode 9u of the upper stage electron 
biprism. When the conditions are satisfied, an electron 
beam is not directly irradiated onto the electrode 9b of 
the lower stage electron biprism. Thus, scattering of the 
electron beam does not occur, and substantially Fresnel 
fring is not generated. To describe more accurately, the 
electrode 9u of the upper stage electron biprism generates 
Fresnel diffraction wave, and the wave spreads in the 
entire space. Thus, the diffraction wave secondarily 
generates Fresnel fringes at the electrode 9b of the lower 
stage electron biprism. However, the intensity is very 
small and ignorable. The Fresnel diffraction wave itself 
generated by the electrode 9u of the upper stage electron 
biprism converges as an image on the observation plane 11 
since the electrode 9u of the upper stage electron biprism 
is provided on the first image plane 31. As a result, any 
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Fresnel fringe is not formed by either one of the 
electrodes of the upper and lower electron biprisms on the 
observation plane 11. Therefore, an interference fringe 
without Fresnel fringe superposed thereon can be obtained. 

With respect to the embodiment of the optical system, 
the fringe spacing s and the interference width W 
calculated on a specimen plane can be expressed by the 
following equations (6) and (7): 



bb IcLhibh ^ b2 - Lb) Mb M^ 2aibil^b-Lb)" 



wherein ab denotes a distance between the first image plane 
31 and the magnifying lens 33. au denotes a distance 
between the objective lens 5 and the specimen 3, bb denotes 
a distance between the magnifying lens 33 and the 
observation plane 11. bu denotes a distance between the 
first image plane 31 and the objective lens 5. b2 denotes a 
distance between the magnifying lens 33 and the second 
image plane of the electron source 35. X denotes a 
wavelength of an electron beam from the electron source 1. 
ab denotes a deflection angle (rad) of an electron beam 
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from the electrode 9b of the lower stage electron biprism. 
Lb denotes a distance between the electrode 9b of the lower 
stage electron biprism and the observation plane 11. Mb 
denotes a magnification of the specimen 3 by the magnifying 
lens 33. Mu denotes a magnification of the specimen 3 by 
the objective lens 5. Db denotes a distance between the 
second image plane of the electron source 35 and the 
observation plane 11. du denotes a diameter of the 
electrode 9u of the upper stage electron biprism. 

Although not shown in any of the equations above, ai 
denotes a distance between the objective lens 5 and the 
electron source 1. bi denotes a distance between the 
objective lens 5 and the first image plane of the electron 
source 7. a.2 denotes a distance between the first image 
plane of the electron source 7 and the 

magnif ying/demagnif ying lens 33. Du denotes a distance 
between the first image plane of the electron source 7 and 
the first image plane 31. db denotes a diameter of the 
electrode 9u of the lower stage electron biprism. fi 
denotes a focal length of the objective lens 5. f2 denotes 
a focal length of the magnif ying/demagnif ying lens 33. To 
derive the equations above, the lens formula (8) to a 
electron source and a specimen is used. 
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The conditions to be satisfied by the relation 
between the diameter du and diameter db are given by the 
equation (9) below: 

^ - ^ - ^> A ^„ = .M,d,... (9) 

This is derived from the fact that the electrode 9b 
of the lower stage electron biprism must be in the shadow 
of the electrode 9u of the lower stage electron biprism. 
This relation is determined by the magnification of the 
optical system in the lower stage and the position of the 
electrode of the electron biprism in the optical system. 
Generally, the diameter of an electrode of an electron 
biprism is around 1 /xm and little changes. 

Form the view point of effectiveness in an optical 



system, it is described above in relation to FIG. 2 and 
Equation (9) that the electrode 9b of the lower stage 
electron biprism is provided between the magnifying lens 33 
and the observation plane 11. The same effect, however, 
can be provided as long as the electrode of the lower stage 
electron biprism is provided at any position within a 
shadow the electrode of the upper stage electron biprism 
(for instance, a position above the magnif ying/demagnif ying 
lens 33 shown in FIG. 8) . Furthermore, if only the 
independent control over the fringe spacing s and the 
interference width W is required, without elimination of 
Fresnel fringe generation from the electrode 9b of the 
lower stage electron biprism, the conditions expressed by 
the equation (9) and the like may not be satisfied. 

Only the magnifying optical system is described 
above. However, the present invention may also be applied 
to a demagnifying optical system. When the present 
invention is applied to a demagnifying optical system, the 
terms of ^^m.agnif ying and magnification" should be read as 
''Memagnif ying and demagnif ication" . As shown in FIG. 2, 
although the electrode 9u of the upper stage electron 
biprism and the electrode 9b of the lower stage electron 
biprism are drawn, each with a posture vertical to the 
figure. An electron beam, however, runs from the electrode 
9u of the upper stage electron biprism to the electrode 9b 
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of the lower stage electron biprism via the magnifying lens 
33^ and is deflected (turned) by the 

magnif ying/demagnif ying lens 33. Thus, it is needless to 
say that relative displacement due to an angle 
corresponding to the deflection occurs. Furthermore, in 
the present invention, the electron biprism is accordingly 
provided at any position, and a voltage applied to an 
electrode of the electron biprism is controlled. However, 
since these techniques can easily be understood by those 
skilled in the art, the techniques are not illustrated. 

Control over the fringe spacing and the interference 
width is described below. 

Example of control 1 

Interference fringes caused by the phase-splitting 
method are formed by two virtual sources. In other words, 
when the deflection angle a^, is produced by a voltage 
applied to the lower biprism electrode 9b, the source is 
deemed to be splitted two virtual sources 25, 27 placed 
from side to side relative to the Y-axis as illustrated in 
FIG. 2, and then interference fringes given by the 
equations (6) and (7) are generated in the area where 
wavefronts are superposed on the image plane. 

Example of control 2 
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With reference to the optical system illustrated in 
FIG. 3, Operations are described in the case where voltage 
is applied to the upper biprism electrode 9u as well as to 
the lower biprism electrode 9b so as to deflect electron 
beams passing thereby. More specifically, in the 
operations, the fringe spacing s produced by electron beams 
deflected by the upper biprism is finely controlled so that 
the electron beams travel toward the optical axis 2. The 
reference numerals shown in FIG. 3 donate the same or 
equivalent parts shown in FIG. 2. Reference numerals 26 
and 28 denote the positions of real electron source images 
of the object wave 21 and the reference wave 23, each 
deflected by the electron biprism electrode 9u. Reference 
numeral Yr denotes a split distance between the electron 
source image produced by the electrode 9u of the upper 
electron biprism and the optical axis. Reference numeral Yv 
denotes a split distance between the virtual electron 
source image produced by the lower electron biprism 
electrode 9b and the optical axis- 

Since the observation plane 11 is the in-focus plane 
of the electrode of the upper electron biprism 9^, the 
deflection due to the upper electron biprism does not 
affect formation of an image thereon, resulting in no 
overlap of wavefronts. The electron beams, however, are 
actually deflected, and thereby split real source images 26, 
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28 are generated- These images are essentially the same as 
the split virtual source images 25, 27. The split 
distances Yv, Yr on the Y-axis produced by each biprism are 
given by the equations (10) and (11) . 

Y^=ab{h-b2-Lt,)=aLj,{Di,-Lb)---{\0) 



= — -^) = ^2-aA ---(11) 

herein, M2 denotes a magnification ratio of the optical 
system in the lower stage relative to the source hz/a.2. 

In an electron optical system where paraxial 
approximation is applied, a total split distance of the 
source is obtained by the linear addition, and thereby an 
interference fringe when both biprisms act at the same time 
is expressed as in the equations (12), (13). 

s ^lih-h)^ 

bi, bu 2{cLba2(bi,-b2-L}j) + CL^b2{b^-h)] 
-J^- I .__(12) 



Mjj Mj, 2{ai,a2(Df,-Li,) + aj,b2Du} 



^ ^ 2a,L,--i-J„--(13) 



to the equations described above, equations (7) and 
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(13) are the same. This means that the interference width 
W does not depend upon the deflection angle produced by 
the upper biprism. This enables each of the fringe spacing 
s and the interference width W to be controlled 
independently. In other words, with the procedure of 

(1) Specifying the interference width W using the lower 
biprism, and 

(2) Adjusting the fringe spacing s using the upper biprism, 
the fringe spacing s and the interference width W can be 
controlled independently. In addition, when the electrode 
9b of the lower biprism is placed at the position of a 
source image (Db-Lb=0), the fringe spacing s does not depend 
upon the deflection angle ab . That is, under this optical 
condition, the fringe spacing s and the interference width 
W can be controlled fully independently. 

However, it is generally understood that, with a 
conventional electron microscope, obtaining the relation of 
Db-Lb=0 is difficult in most cases because of the limitation 
of focal length of a lens. Therefore, according to the 
optical system illustrated in FIG. 3, the procedure 
described above can be regarded as a practical method. 

Interestingly, when an optical system is configured 
such that a source image is formed under the lower biprism 
(Db-Lb<0) so as to make the denominator value of equation 
(12) negative, the proportionality relation between the 
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fringe spacing s and the interference width W is reversed. 
That is, in the optical system, when the fringe spacing s 
becomes larger, the interference width W becomes smaller. 
This feature is effective for forming a hologram having 
wide fringe spacing. Even in this case, however, it is not 
possible to eliminate carrier interference fringes, that is, 
it is not possible to set the traveling directions of the 
object wave 21 and the reference wave 23 to the same 
direction . 

Example of control 3 

FIG. 4 is a diagram illustrating an optical system 
for widening a fring spacing s, inversely to that in Fig. 3. 
In FIG. 4, the same reference numerals are used for the 
same or equivalent components as those shown in FIG. 3. As 
described with reference to FIG. 3, it is easy to reduce 
the fringe spacing s by deflecting an electron beam toward 
the optical axis 2 by means of the upper stage biprism. In 
contrast, to widen the fringe spacing s by deflecting an 
electron beam away from the optical axis 2 by means of the 
upper stage biprism, the presence of the electrode 9b of 
the lower stage biprism causes some restrictions on the 
operation. The condition is expressed by the equation 
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b2 2Lk 
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It is desirable that the fring spacing s be 
sufficiently widened and the so-called interference 
micrograph be formed only with an electron beam. Since the 
object wave 21 and the reference wave 23 have basically to 
propagate in the same direction in the same optical system, 
however, the requirement cannot substantially be satisfied 
with a phase-splitting type interferometer in an electron 
microscope. Also in the present invention, it is easy to 
reduce the fringe spacing s as shown in FIG. 3, but when 
the fringe spacing s is to be widen as shown in FIG. 4, the 
Fresnel diffraction wave is generated by the electrode 9b 
of the lower stage biprism. In Example 3 of control 
described above, generation of the Fresnel diffraction wave 
cannot be eliminated when the fringe spacing s is to be 
largely widened, and therefore the countermeasures as 
employed in the conventional technology are required. 

Example of control 4 

A reverse phase hologram is described below. 
In the optical system according to the present 
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invention, there are two cases of angles at which the 
object wave 21 and the reference wave 23 are superposed on 
each other as shown in FIG. 3 and FIG. 4 respectively. FIG. 
5 illustrates the same optical system as that shown in FIG. 
4, but shows a case in which conditions are set so that a 
wavefront to be focused passes under the electrode 9b of 
the lower stage biprism by largely deflecting an electron 
beam away from the optical axis with the upper stage 
biprism, in other words, when images 25, 27 of virtual 
electron sources relative to the optical axis 2 are 
symmetrically reversed as compared to those shown in FIGS. 
3 and 4. In FIG. 5, the same reference numerals are 
assigned to components identical or equivalent to those 
shown in FIGS . 3 and 4 . 

In the state described above, interference fringes 
are generated by making the lower stage biprism act 
reversely. In this step, by successfully selecting the 
operating conditions, a hologram can be generated, and in 
the hologram generated under the conditions, an angle at 
which the object wave 21 and the reference wave 23 are 
superposed on each other is reversed- In other words, it 
is possible to generate a hologram having an apparently 
reversed phase distribution. By calculating a difference 
between two holograms with reversed phase distributions, it 
is possible to obtain a high precision reconstructed image 
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in which the phase difference is doubled. Furthermore an 
interference micrograph equivalent to that obtained by the 
Moile method and having a doubled phase difference can be 
obtained by executing the double-exposure method using the 
two holograms (phase difference-amplified double-exposure 
method) . 

Result of experiments 

Firsts a method for eliminating the generation of 
Fresnel Fringe is described. 

FIG. 6A illustrates interference fringes formed with 
a conventional interferometer. FIG. 6B illustrates 
interference fringes, having the same fringe spacing s as 
that in FIG. 6A, formed by changing the interference width 
W while eliminating the generation of the Fresnel fringe. 
FIG. 6C illustrates interference fringes formed by changing 
the fringe spacing s but without changing the interference 
width W according to the present invention. A specimen 3 is 
not shown in any of FIGS. 6A to 6C. Images on the left- 
hand side of the figure show the inference fringes arranged 
in sequence under different conditions, and conditions of 
forming the interference fringes for each image are listed 
on the right-hand side of the image. In FIG. 6A, a comment 
^'FliOUT" means that the upper biprism is removed from the 
optical axis. In each of the figures, symbols Vn and Vf2 
denote voltages applied to electrodes of the upper and 
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lower electron biprism, 9u and 9b, respectively. That is^ 
in a structure of the conventional interferometer, the 
upper biprism is removed from the optical axis as shown in 
FIG. lA. The diameters du and db of the electron biprism 
electrodes 9u and 9b used in the experiments were 1.6 pm and 
0.8 |jm, respectively. 

A black portion at a center of the top image in FIG. 
6A is an image of lower electron beam biprism electrode 9b. 
As the voltage applied to the lower electron biprism 
electrode 9b increases, the fringe spacing s and the 
interference width W change together. Under any of the 
conditions, Fresnel fringes caused by the lower electron 
biprism electrode 9b are observed in the vicinity of both 
ends of the interference fringes. 

FIG. 6B, on the other hand, illustrates an example 
in which both upper and lower, or two stages of, electron 
biprisms are placed therein, but only a voltage applied to 
the lower electron biprism electrode 9b thereof is 
controlled- A black portion at a center of the top image 
in FIG. 6B is an image of the upper electron biprism 
electrode 9u. A black portion at a center of the second 
image from the top is a shrunk image of the upper electron 
biprism electrode 9u deflected by the lower electron 
biprism electrode 9b. Interference fringes in the images 
lower than the second image from the top have the same 
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fringe spacing s (as that in FIG. 6A) determined by the 
voltage applied to the upper electron beam biprism 
electrode Vfi=0 but each has different interference width W 
determined by the voltage applied to the lower electron 
biprism electrode 9b. 

As seen from the comparison between the interference 
fringes in FIG. 6A and that in FIG. 6B, in FIG. 6B, no 
Fresnel interference fringes are substantially observed in 
the vicinity of both ends of the interference fringes in 
FIG. 6A. Instead, the interference fringes that are only 
necessary for measurement with an interferometer are 
observed. In addition, while the interference width W in 
FIG. 6B is smaller, it is possible to widen the 
interference width by making the diameter of the upper 
electron biprism electrode 9u smaller. 

Next, a description is made of how the fringe 
spacing s and the interference width W can be controlled 
independently . 

FIG. 6C illustrates the results in which only the 
fringe spacing s is changed and the interference width W 
remaining unchanged by controlling the voltage applied to 
the upper electron biprism electrode 9u. In FIG. 6C, the 
voltage applied to the lower electron biprism electrode 9b 
is fixed at 200 V, and only the voltage applied to the 
upper electron biprism electrode 9u is changed from -30 V 
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to 200 V. Since the interference fringes in the fourth 
image from the top in FIG. 6C are the same as those of the 
bottom image in FIG. 6B (Vfi = OV, Vf2 = 200V), the 
interference fringes are observed by the configuration in 
FIG. 2. Since the interference fringes in the top image 
down to the third image from the top in FIG. 6C are 
observed when the V^i is a negative voltage, the 
interference fringes are observed by the configuration in 
the FIG. 4. On the other hand, since the interference 
fringes in the fifth image from the top to the bottom image 
in FIG. 6C are observed when both Vfi and Vf2 are positive 
voltages, the interference fringes are observed by the 
configuration in the FIG. 3. 

The fringe spacing s of the interference fringes in 
the bottom image (Vfi = Vf2 = 200 V) in FIG. 6C is 
significantly small. To provide such a level of the fringe 
spacing in the prior art, however, approximately 450 V of 
applied voltage is required and the interference width W 
becomes wider due to deteriorated coherence. Thus, 
interference fringes having sufficient contrast cannot be 
obtained. Even only because of this feature alone, it can 
be understood that the configuration in FIG. 3 is effective 
in providing interference fringes having a small fringe 
spacing s. 

(Control of interference electron micrographs 
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(holograms) ) 

Next, a method for controlling the interference 
electron micrographs (holograms) is described. 

Each of FIGS. 7A, 7B, 7D, and 7E illustrates a 
series of holograms obtained by controlling the deflection 
angles and ab by controlling the voltages applied to the 
upper and lower biprism electrodes 9u and 9b, and FIGS. 7C 
and 7F illustrate reconstructed images thereof. FIG. 7A 
illustrates a hologram when Vfi = -20V and Vf2 = 190V. FIG. 
7B illustrates the hologram when Vpi = 50V and Vf2 = 190V. 
FIG. 7C illustrates a reconstructed image of the hologram 
in FIG. 7B. FIG. 7D illustrates a hologram when Vfi = -200V 
and Vf2 = -190V. FIG. 7E illustrates a hologram when Vfi = " 
250V and Vf2 = -190V. FIG. 7F illustrates the reconstructed 
image of the hologram in FIG. 7E. 

In the holograms in FIGS. 7A, 7B, 7D, and 7E, each 
fringe spacing s of the holograms is determined by 
controlling the voltage Vfi applied to the upper electron 
biprism S^r and the interference width W is controlled so 
that all the holograms have substantially the same 
interference width by adjusting the voltage Vf2 applied to 
the lower electron biprism 9b. As is more clearly 
understood upon comparison between FIG. 7A and FIG. 7B, 
fringe lines of the interference fringes formed by the 
phase change caused by a specimen change in the left upper 



direction in FIG. 7A, but in the right blow direction in 
FIG. 7D. This indicates that two holograms, in which a 
phase-change is reversed from each other as was explained 
in the control example A, are obtained. Therefore, the 
contrasts of their reconstructed images in FIGS. 7C and 7F 
are reversed from each other. In addition, when those 
reconstructed images are used, it becomes possible to 
obtain a high-accuracy reconstructed image with the phase 
difference thereof amplified twofold. Furthermore, when 
the double-exposure method is used with those two holograms, 
it becomes possible to obtain an interf erogram immediately 
which is equivalent to that with the phase difference 
amplified twofold obtained by the Moilre method (phase- 
difference amplification double-exposure method) . 

Coherency of an electron beam mainly depends on the 
interference width, and therefore, as the interference 
width becomes wider, the coherency is more deteriorated. 
So, it is possible to say that those images are the results 
obtained by changing the carrier-spatial frequency with the 
coherency thereof remaining unchanged. In the conventional 
interferometer, when a hologram having high special 
resolution (fine interference fringes) is obtained, the 
interference width disadvantageously becomes wider, and 
therefore, it becomes difficult to obtain a high-quality 
hologram having good contrast because of the deterioration 
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of the coherency of the electron beam. It is now 
understood that the present invention has overcome such 
disadvantages . 

Proposition for Applications 

In the present invention, the interference and 
fringe spacing of an electron beam can freely be controlled. 
The following applications are possible by making use of 
the advantage. 

(1) Measurement of spatial coherence (a degree of 
coherence) of an electron beam and calculation of 
brightness 

Measurement of a degree of coherence in optics is 
performed by measuring contrast of interference fringes as 
proposed, for instance, by F. Zernike: Physica 5, 50 (1938) 

(Refer to, for instance, B. J. Thompson and e. Wolf: J. Opt. 
Soc. Amer. 47, 895 (1957)). There are several examples in 
which the same measurement is performed by using an 
electron biprism also in an electron optical system (Refer 
to, for instance, R. Speidel and D. Kurz: Optik 49, 173 

(1977)), but the measurement method is not generally 
employed. The reason is that, when a distance between two 
waves interfering with each other, namely an interference 
width W is changed, also a fringe spacing s is changed, and 
it becomes difficult to separate the recording system from 
the MTF (Modulation Transfer Function) . 
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In the present invention, since a fringe spacing can 
be kept constant even when an interference distance between 
two waves is changed, separation from the MTF is easy, and 
a degree of coherence of an electron beam from a electron 
source can be measured with its spatial distribution. 
Furthermore, brightness of the electron source can be 
obtained from the value. In the conventional technology, 
for measurement of a degree of coherence and brightness, a 
specific optical system (different from that for 
observation of a specimen) is produced and used for 
evaluation. This method is based on the brightness 
preservation theory, which strictly holds only on the 
optical axis, and therefore it is effective for direct 
measurement and actual observation condition of a specimen 
with the optical system according to the present invention. 

(2) Observation of temporal coherence 

Inversely to the above description, the fact that 
the number of interference fringes is changed with the 
spatial coherence kept constant is to observe the temporal 
coherence intact. Experiments for observation of temporal 
coherence are little performed in the field of electron 
microscopes . 

(3) Measurement for MTF of a recording medium 

As described in (2) above, also it is possible to 
change a fringe spacing with a degree of coherence kept 
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constant. Therefore, MTF and resolution of a recording 
medium can be measured by changing a special frequency 
(fringe spacing) recorded in the medium without being 
affected by other factors such as a change in the degree of 
coherence or conditions relating to lenses in the optical 
system. 

(4) Preparation of a high-carrier spatial frequency 
hologram 

In the present invention, with the configuration as 
shown in FIG. 3, it is possible to obtain high density 
interference fringes as shown in the lowermost stage in FIG. 
6C by producing a large deflection angle, which cannot be 
realized by a single biprism. In other words, because two 
biprisms are used in the present invention, restrictions 
such as the performance of withstanding voltage can be 
alleviated, and 10,000 or more interference fringes can be 
recorded for producing a hologram. By using a fine 
emulsion film as a recording medium, extremely high density 
interference fringes can be recorded. 

(5) Production of quantum wire and quantum dot 

With electron interference fringes, it is possible 
to simultaneously draw a number of fine parallel wires not 
using an electron beam lithography machine. However, it is 
difficult to homogeneously draw fine wires because of the 
Fresnel fringes generated by a biprism. With the present 
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invention, generation of Fresnel fringes can be eliminated, 
and therefore fine wires can be drawn at a homogeneous dose 
rate. In this method, spacing between the wires and the 
number of the wires can feely be changed as described above . 
Furthermore regularly arranged quantum dots can easily be 
obtained by drawing the wires from the two axial directions 
X and Y. In addition, by controlling the two directions 
for drawing, it is possible to produce quantum dots with 
quadruple, sextuple or more symmetry. 

The applications described above can easily be 
carried out. In addition, the present invention is 
effective in an experiment in which a number of 
interference fringes with small fringe spacing such as a 
high resolution holography. 

Application to an electron interferometer having three or 
more biprisms 

FIG. 8 is a diagram illustrating an optical system 
for an electron interferometer having an intermediate 
biprism 9i in addition to the upper stage biprism 9u in the 
configuration shown in FIG. 3. In addition to deflection 
by the upper stage biprism 9u, also deflection can be 
performed by the intermediate biprism 9i. Because of the 
feature described above, when about the same degree of 
deflection is required, voltage endurance of each biprism 
may be lower, and when each biprism is used up to the 



maximum voltage endurance, larger deflection can be 
realized, whereby the fringe spacing can be smaller. 

Application described above can also be performed on 
a lower stage biprism, and a degree of freedom in control 
over an interference width W can be made larger. 
Furthemore biprism electrodes can be increased in 
association with the use of magnif ying/demagnif ying lenses. 
Because of the feature, any number of biprisms may be used 
in an optical system within an allowable range of the 
mechanical space. 

Application to an optical interferometer for a laser beam 
or the like 

The present invention can easily be applied to an 
optical interferometer for a laser beam or the like. This 
application is possible, because it is required only to 
arrange an optical biprism at a position of the electron 
biprism. FIG. 9 is a diagram illustrating an optical 
system for an optical interferometer for a laser beam or 
the like constructed based on the concept as described 
above and corresponding to that shown in FIG. 3. The same 
reference numerals are assigned to the components identical 
or equivalent to those shown in FIG. 3. To describe the 
configuration simply, the electron biprisms are replaced 
with optical biprisms 51, 53, and a beam stopper 52 for 
shuttering light is provided at a central position of the 
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optical biprism 51. 

As easily understood by referring to FIG. 9, 
generally it is not possible in an optical biprism to 
change the deflection angle by controlling a voltage unlike 
in an electron biprism. Therefore it is necessary to 
exchange each biprism according to target fringe spacing s 
as well as to an interference width so that users are 
required to perform complicated operations in use. However, 
it is possible to overcome this problem, for instance, in 
the following way. A container shaped like an optical 
prism is made, and, for instance, gas is filled in the 
container such as to be variable in pressure, namely 
density. Thus, the same effect as that provided by a 
electron biprism can be provided by changing a refraction 
factor of the optical biprism to adjust the deflection 
angle or by controlling reflection angles by two mirrors 
used in stead of biprisms (refer to, for instance, K. 
Harada, K. Ogai and R. Shimizu: Tehcnology Reports of The 
Osaka University 39, 117 (1989)). 
Application of three stage biprisms 

FIGS. lOA to lOD are diagrams illustrating some 
variants of more general electron microscopes modified from 
optical systems for holography microscopes each having an 
upper stage biprism, a third intermediate biprism, and a 
lower stage biprism as shown in FIG. 8. In these figures. 
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the same reference numerals are assigned to components 
having the same or equivalent functions as those shown in 
FIG. 8. In the figures, only a representative trajectory 
of an electron beam from a real electron source and 
trajectories of electron beams at a tip and a root of a 
specimen are shown. In the figures, reference numeral 61 
denotes an electron source, 63 a first condenser lens, and 
65 a second condenser lens. These components form the 
first electron source 1 described in the example above. As 
understood from these figures, the electron source 1 
described in the example is not a true electron source, but 
a crossover (a image of an electron source) obtained from a 
real electron source 61 by plural condenser lenses. The 
objective lens 5, a first intermediate lens 67, a second 
intermediate lens 69, a third intermediate lens 71 and a 
projection lens 73 are arrayed along the direction from the 
electron source 1 to the observation plane 11. 

FIG. lOA illustrates a case in which an intermediate 
biprism is used as an aid for the upper stage biprism like 
in the case shown in FIG. 8, and the intermediate biprism 
electrode 9± is provided above the first intermediate lens 
67. The lower biprism electrode 9b is provided under the 
second image plane of the electron source 35 and above the 
second image plane (11 in FIG. 8) of a specimen 68. A 
specimen image is projected onto a third image plane of the 



specimen 81 formed by the second intermediate lens 69 in 
the enlarged state, and is further enlarged by the third 
intermediate lens 71 and the projection lens 73, and the 
finally enlarged image is obtained on the observation plane. 
With the configuration shown in FIG. lOA, either a voltage 
applied to the upper stage biprism electrode 9u or a voltage 
applied to the intermediate biprism electrode 9i may be 
changed to change the fringe spacing s. Therefore, 
voltages applied to the upper stage biprism electrode 9u and 
to the intermediate biprism electrode 9± may be made 
smaller, which is advantageous for withstand voltage. 

FIG. lOB illustrates a case in which an intermediate 
biprism is used as an aid for the upper stage biprism like 
in FIG. lOA, and the configuration is the same as that 
shown in FIG. lOA except that the intermediate biprism 
electrode 9i is removed from above to under the first 
intermediate lens 67. Also in this case, the magnitude of 
plus or minus voltage required for controlling fringe 
spacing s and an interference width W changes according to 
a position of the intermediate biprism electrode 9i. 

FIG. IOC is the same as FIG. lOA, and FIG. lOB in 
that the intermediate biprism is used as an aid for the 
upper stage biprism, but in this configuration, completely 
independent control over the fringe spacing s and the 
interference width W are possible like in the case of (Db ~ 
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Lb = 0) described with reference to FIG. 3. The 
intermediate biprism electrode 9i is provided on the second 
image plane 68 of a specimen under the first intermediate 
lens 67. The lower stage biprism 9b is provided on the 
third image plane 83 of an electron source under the second 
intermediate lens 69. In this configuration, either one of 
voltages applied to the upper stage biprism electrode 9u 
and the intermediate biprism electrode 9i may be changed to 
change the fringe spacing s like in the case shown in FIG. 
10. Therefore, voltages applied to the upper stage biprism 
electrode 9u and the intermediate biprism electrode 9± may 
be made smaller, which is advantageous from the view point 
of withstand voltage. In addition, the fringe spacing s 
can independently be controlled by controlling voltages 
applied to the upper biprism electrode 9u and to the 
intermediate biprism electrode 9i, while the interference 
width W can independently be controlled by controlling the 
voltage applied to the lower stage biprism electrode 9b- 
Thus controls over the tv/o factors of the fringe spacing s 
and the interference width W can be performed without being 
affected with each other. 

The case shown in FIG. lOD is the same as that shown 
in FIG. IOC in that completely independent control over the 
fringe spacing s and the interference width W is possible, 
but in the configuration shown in FIG. lOD, the 
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intermediate biprism electrode 9i is provided on the second 
image plane of an electron source 35 under the first 
intermediate lens 61, and the intermediate biprism is used 
as an auxiliary for the lower stage biprism. 

FIG. 11 is a diagram illustrating an optical system 
for a holography microscope in which the third intermediate 
biprism is used as an auxiliary for the lower stage biprism 
and also a fourth biprism is used as an auxiliary for the 
upper stage biprism. In this configuration, the upper 
stage electron biprism 9u is provided on the first image 
plane of a specimen 31, while the intermediate biprism 
electrode 9i is provided on the second image plane of a 
electron source 35 under the first intermediate lens 67. 
The lower stage biprism electrode 9b is provided on the 
third image plane 83 of the electron source. In addition, 
a fourth biprism electrode 94 is provided on the second 
image plane 68 of the specimen. In this configuration, 
voltage control for changing the fringe spacing s can be 
performed by adjusting voltages applied to the upper stage 
biprism electrode 9u and to the intermediate biprism 
electrode 9± respectively, and also voltage control for 
changing the interference width W can be performed by 
adjusting voltages applied to the lower stage biprism 
electrode 9b and to the fourth biprism electrode 9^ 
respectively, and therefore voltages to the respective 
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biprism electrodes can be made smaller, which is 
advantageous from the view point of withstand voltage. 

The optical systems described above are exemplary, 
and the present invention can be carried out with various 
forms as understood by referring to FIGS. lOA to lOD and 11. 
Industrial Applicability 

The present invention provides an electron 
interferometer and an optical interferometer capable of 
controlling fringe spacing s and an interference width W 
independently, in a phase-splitting type optical 
interferometer using electron biprisms or a phase-splitting 
type optical interferometer using general optical biprisms, 
thus, substantially improving convenience for users. 



